Abstract
. Heat accumulation started after accumulating 62.7 ± 5.6 Chill Portions, and 31 flowering occurred after a further 3744 ± 1538 Growing Degree Hours (above a base temperature of 32 4°C, with optimal growth at 26°C). When examining the time series, the increase in temperature 33 during the chilling period did not appear to decrease overall chill accumulation during the chilling 34 
Introduction

2.2
Chilling and heat accumulation models 146
Most common chill and heat models require hourly temperature data as inputs. These were 147 constructed using recorded (and gap-filled) daily minimum and maximum temperature records and 148 following the recommendations of Linvill (1990) that the daily temperature curve can be composed 149 of a sine curve for daytime warming and a logarithmic decay function for night-time cooling. Since 150 these equations require daily data on sunrise, sunset and day length as inputs, these were modelled 151 PLS regression can effectively analyse effects of a large number of highly autocorrelated variables, 172 even when they greatly outnumber the observations for the independent variables. For PLS 173 regression, two latent factors were constructed from all the independent variables and used to 174 perform a regression with the dependent variable, in line with the methods of Wold et al. (2001) . 175
We used the PLS implementation in the chillR package for R programming language (R version 3. to chilling period temperature, T h is temperature during the warming period, and b is the sensitivity 223 of flowering date to warming period temperature. This method is often used with linear univariate 224 models to estimate the sensitivity of phenology to changes in spring temperature (Fu et al., 2015) . 225
Results
226
Evolution of apricot flowering over time 227
The average flowering date of apricots of the UK NFC showed a large degree of variability from year 228 
Relevant periods for chill and heat accumulation 235
Results from the PLS regression procedure indicated a period between 27 th September and 26 th 236
February, which was characterized by high VIP scores (>0.8) and negative model coefficients for the 237 chill accumulation rate (Fig. 2) . This phase was interrupted by a period between October and 238 December, during which the correlation between variation in chill accumulation and flowering dates 239
was not very pronounced. However, the daily chill accumulation rate during this time span was 240 consistently high and varied relatively little, so that it seemed reasonable to us to interpret the 241 PLS results also indicated that the effects of heat accumulation depended strongly on when heat 260 accumulation occurred (Fig. 2) . Daily GDH showed also two periods of positive coefficients, when 261 warm periods were correlated with late, rather than early, flowering dates: 1) from 4 th to 16 th of 262 October, and 2) from 9 th to 31 st of December. During the first period, daily chilling accumulation was 263 also correlated with flowering delays. This phase approximately coincided with the only period, for 264 which high mean temperatures where associated with late flowering (Fig. A.2) . In fact, the date of 265 completion of the first 5 CP was correlated with the heat accumulation required up to flowering (Fig.  266 A.3). 267
3.3
Relative importance of warming effects during the chilling and heat accumulation 268 phases 269
Plotting flowering dates of apricot as a function of temperature during the chilling and warming 270 periods predicted by PLS showed effects of both factors ( locations in China, among which results from our study were most similar to the analysis for Beijing, 322 which was reported to have a chilling period from 17 th September to 26 th February. Considering the 323 differences in temperature between locations at the start and end of the chilling period, this is a 324 remarkable match (starting 10 days earlier and ending on the same day). Mean temperatures at UK 325 NFC were approximately 5°C lower at the start of the chilling period and 4°C higher at the end of the 326 chilling period than in Beijing. In fact, neither daily chill nor daily heat accumulation at these 327 locations are within similar ranges or show a similar temporal pattern. However, both Beijing and 328 the UK NFC, had similar mean temperatures during both the chilling and the warming periods, and 329 PLS regression indicated similar chilling but also warming periods (from 9 th January to 10 th April in 330 Beijing). Both locations were also similar in terms of the relative contributions of temperatures 331 during the chilling and warming periods to variation in flowering dates (Fig. 3A) . Therefore, in spite 332 of big differences between the climates of Beijing and SE England, our results support the hypothesis 333 Our approach to determining climatic needs, however, is based on calculating mean accumulation 360 during the effective periods, so that interannual variation in the amount of chill and heat required, 361 or interactions between chill and heat cannot be captured. 362
Impacts of chilling and heat accumulation conditions on flowering dates 363
Apricot flowering dates were predominantly affected by mean temperature during the warming 364 period (Fig. 3) (first 5 CP completion) appeared to increase the amount of heat required for flowering (Fig. A.3) , 380
suggesting that the timing of the first chill accumulation is important for counteracting the 381 flowering-advancing effect of temperatures during the warming period. In the second case (i.e. the 382 period of significant positive correlation for heat accumulation before the warming period, in the 383 middle of the chilling period), controlled environment studies show that when heat is received too 384 early, before critical chilling completion, it may not advance or even delay flowering (Anzanello et 385 al., 2014). In the present study, the low heat accumulation during this period (i.e. right before the 386 warming period) suggests that even though VIP scores were high, heat accumulation during this 387 period probably had little effect. Chill accumulation also presented periods with high VIP that were 388 outside the delineated chilling period (e.g. from 1 st June to 4 th July). Given that buds for the next year 389
are not yet present at that time, this is probably not a biologically meaningful effect. 390
Impact of global warming on chilling and heat period conditions 391
In spite of global warming, in the UK, chill accumulation calculated using the Dynamic Model has 392 decreased only slightly in recent decades, and no major decreases over the 21 st century have been 393 projected for future scenarios based on the CSIRO, HADCM3 and MIROC climate models (Luedeling 394 et al., 2011). Our results show a significant increasing trend in mean temperatures during the chilling 395 period of apricots, but no significant decrease in chill accumulation ( Fig. 4D and E) . It is worth noting 396 that the Dynamic Model considers that, as long as temperatures during the day are not too high, 4 397 hours at low temperature (i.e. 6°C) and 20 hours at moderate temperature (i.e. 14°C) per day are 398 63% as effective as a regime with 24 hours at cold temperature (Fishman et al., 1987a) . In 399 consequence, the increase in mean temperature during the chilling period over the record did not 400 correspond to a decrease in chill accumulation according to this model. In addition, for cold-401 temperate climates, increasing temperatures frequently shift temperatures to levels to which most 402 chill models would assign higher rather than lower chilling effectiveness, resulting in no change or 403 
